Let p be a prime =1 (mod 5). Necessary and sufficient conditions are determined for the prime q (q < 19) to be a quintic residue of p. The results for q < 7 are known, the rest are new.
Throughout this paper k is an odd prime andp is a prime = 1 (mod k) say,p = kf + 1. The /-nomial periods are defined by (1) *?* = £ exp(2mgkr+slp) (i = 0,l,...,*-l),
where g is a primitive root (mod p). The period equation Pk(t) of degree k is defined by (2) Pk(0=n(t-Vs).
s=0
It is well known that Pk(t) has integral coefficients (see for example [12, p. 194] ).
Since replacing the primitive root g in (1) by another primitive root merely permutes the t?(-, the coefficients of Pk(t) are independent of the choice of g. The discriminant
Dk of Pk(t) is also an integer independent of g given by ( 3) Dk= n (vr-%?.
0<r<s<k-l
The following is essentially a theorem of Kummer [6] (see also Lehmer [8] , [10] ). Theorem 1. (i) A prime q (¥=p) not dividing Dk is a kth power residue of p if and only if the congruence Pk(t) -0 (mod q) is solvable.
(ii) Every prime q (¥=p) dividing Dk is a kth power residue of p. When Ac = 3 it is well known (see for example [12, p. 223 
where the integers L, M satisfy (5) Ap = L2 + 27M2, L = 1 (mod 3).
Theorem 1 can be used in conjunction with (4) and (5) have been given by Jacobi [5] for q < 37 and for q < 47 by Cunningham and Gösset [2] .
In this note we consider the case k = 5. Lehmer [7] has shown that Theorem 1 can be used in conjunction with (6), (7), (8) , (9) to give explicit necessary and sufficient conditions for a prime q to be a quintic residue of p in terms of congruences (mod q) involving x, u, v, w. As there are a great many cases involved (depending on the residue classes (mod q) of p, x, u, v, w) in doing this even for small primes q, Carleton University's Xerox Data Systems Sigma-9 computer was programmed to carry out the details for q = 2, 3, 5, 7, 11, 13, 17, 19. As the results are known for q = 2, 3, 5, 7 (by different methods), we illustrate the ideas involved by just giving some of the details in the case q = 11. In order to do this we introduce the fol- (0, 0) , (1, 8) , (2, 8) , (3, 6) , (3, 7) 17 (2, 14) ,(3,3) (3,12), (4, 9) (0,0) , (1, 14) , (2,7) , (2,9) , (2,10) (4,7),(4,10), (5, 9) 19 + 1
x/0, u=v^0 xeO, u;7v (0,0), (0,9), (1,6), (1,7), (1,9) (4,9) , (5,11) , (6, 8) , (7, 7) , (8, 9) x/0, u=7v (0,4), (1,1), (1,12)*,(1,13), (2,7) (2,11), (6, 7) , (6, 12) , (9, 9) *In this case x = 0 (mod 19).
All congruences are taken modulo q. We note that when q is odd and u = v = 0, w p 0 (mod q) then x = 0 (mod q).
and that D5 $ 0 (mod 11) with Ps(t) = 0 (mod 11) solvable, if and only if In this manner the following theorem was obtained.
Theorem 2. Let p be a prime =1 (mod 5), and let q be one of 2, 3, 5,7, 11, 13, 17, 19. Then q is a quintic residue of p if and only if some solution (x, u, v, w) of (8) satisfies the conditions given in the preceding table.
Table of primes =1 (mod 5) and < 10,000 having 2, 3, 5, 7,11,13,17,19 as quintic residues The results for k = 2,3,5 are due to Lehmer [10] (see also [7] , [9] , [14] ).
The result for k = 7 is a simpler restatement of a restatement due to Lehmer [10] of a theorem of Muskat [13] . The rest are new.
A table giving the values of (x, u, v, w) corresponding to primes p < 10,000, p = 1 (mod 5) has been deposited by the author in the UMT file of the American Mathematical Society. Using this table and Theorem 2, it was found that out of the 306 primes p < 10,000 with p = 1 (mod 5); 60 (resp. 57, 58, 55, 56, 65, 67, 77) of them have 2 (resp. 3, 5, 7, 11, 13, 17, 19) as a quintic residue of p. The actual The author would like to acknowledge his indebtedness to Messrs. Barry Lowe and Barry Savage for their help with the programming necessary for this paper.
Finally, we mention that the corresponding problem for eighth powers has been treated recently by von Lienen [11] .
